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FLASH LIQUID AEROSOL PRODUCTION 
METHOD AND APPARTUS 

BACKGROUND OF THE INVENTION 

This invention relates to the production of liquid 
aerosol particles having narrow size distribution. Partic 
ularly, this invention relates to methods and apparatus 
for the production of aerosol particles resulting from a 
liquid droplet feed source. In another aspect, this inven~ 
tion relates to methods and apparatus for dispersing a 
multiplicity of droplet columns by impinging these 
droplets-onto a vibrating surface to create a high den 
sity fountain of aerosol particles. 

Liquid aerosol particle materials have diverse appli 
cations such as creating mists and fogs, and speci?c 
particulate compositions and sizes, painting and coating, 
humidifying air, administering medicinal drug com 
pounds by nasal inhalation, facilitating chemical reac 
tions, and creating monodispersed ceramic particles 
from precursor organic metallic liquid. Aerosol stan 
dards, consisting of monodispersed aerosols of a high 
degree of monodispersity and accurately known parti 
cle size are needed for a variety of purposes ranging 
from fundamental aerosol research to chemical reactive 
applications as well as coatings and the like. To be gen 
erally useful, the aerosol production must be sufficiently 
?exible to permit aerosols to be generated from a vari 
ety of solid and liquid materials having desired physical 
properties. 

Chemical reactions involving small liquid aerosol 
droplets provide a basis for producing particulate prod 
ucts in the form of small size solid particles. Such small 
aerosols also offer a large surface area to the carrier gas 
in which they are suspended or transported, hence are 
advantageous in promoting liquid gas chemical reac 
tions or liquid droplet evaporation. 

Conventional monodispersed aerosol generators such 
as the spinning-disk aerosol generator, the atomizer 
impactor generator, the condensation generator, vibrat 
ing ori?ce aerosol generators all have severe limitations 
for use as a basic aerosol control particle size generator. 
The spinning-disk generator, while ?exible in terms of 
aerosol material, can produce aerosols with geometrical 
standard deviations of not better than 1.07 or a standard 
deviation of approximately 7% of the mean particle 
size. The spinning-disk generator is also a relatively 
complex piece of apparatus. 
Another conventional method for producing small 

liquid aerosol particles is by means of ultrasonic excita 
tion in a manner to produce mechanical disruption of a 
bulk source liquid through the physical process of cavi 
tation. Cavitation in liquids can cause aerosol droplets 
to be ejected from the liquid surface to become sus 
pended in a surrounding carrier gas or atmosphere. This 
technique has been reported and used previously to 
generate liquid droplets in a size and range of 1 to 3 
micrometers for applications where high-density con 
centrations of liquid aerosols are required. A particular 
reference to this technique is provided in a paper enti 
tled “An Improved Ultrasonic Nebulizer System For 
The Generation of High Density Aerosol Dispersion” 
by M. B. Denton and D. B. Schwartz published in Re 
view of Science Inst, Vol. 45, Pages 81 through 87, Janu 
ary, 1974. For the particle size range size set out above, 
the ultrasonic cavitation frequency must be approxi 
mately 3 MHz and, using a piezoceramic drive element, 
the excitation power required to produce cavitation is 
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2 
approximately 100 watts. When a chemical substance or 
solution is diluted in a solvent and subject to cavitation, 
aerosol products are produced. The solvent will evapo 
rate from each particle to produce a residual particle 
whose diameter is reduced from the original aerosol 
particle diameter by the cube root of the volume con 
centration of the chemical dilutant. Thus, for example, 
by using a source liquid solution whose solid precipitate 
components are diluted in the range of 100 to l to 1,000 
to l by the volatile solvent, the resulting solid particles 
after solvent evaporation will be in the range from US 
to l/lO the diameter of the original liquid aerosol drop 
let. 
A method of preparing a ?ne-particle oxide salt from 

oxculates, acitates, and carbonates is to thermally de 
compose, pyrolyze, or hydrolyze them to their respec 
tive oxides. Current results obtained using the con 
trolled hydrolysis method are the most successful to 
date in producing accurately sized particles having 
spheroidal shape and a diameter of approximately 200 
nanometers agglomeration of particle. 

Size dispersion of particles no better than plus or 
minus 10% can be produced by either: (1) precipitation 
of supersaturated solutions of an appropriate water 
reactive metal alkoxide or (2) preparation of a monodis 
persed aerosol by condensation of a super saturated 
atmosphere of organometallic vapor in a ?owing gas 
stream. Upon dispersal in water to form a colloidal 
suspension, only disordered colloids, which have a ten 
dency to aggregate upon removal of the suspending 
solvent phase during slip casting, will be present. These 
powders still exhibit signi?cant agglomeration to in 
duce occasional preferential sintering defects in the 
?nished microstructure of the ceramic, resulting in local 
variations in density and potential stress concentration 
centers. 

Furthermore, many of the newest and most promis 
ing ceramics such as silicone nitride are not processable 
by controlled hydrolysis of alkoxide solutions. For 
these ceramics, other methods of particle formation are 
required. 
One liquid aerosol production method and apparatus 

particularly adapted for producing mono-size ceramic 
particles is found in the teachings of US Pat. No. 
4,801,411, Wellinghoff, et al., hereby incorporated by 
reference. The ‘411 patent discloses the use of ultrasonic 
cavitation to produce aerosol from a bulk source liquid. 
The basic process of aerosol production by bulk liquid 
cavitation is also described in the Denton & Schwartz 
article, “An Improved Ultrasonic Nebulizer System 
For The Generation Of High Density Aerosol Disper 
sions”. These methods are effective largely because the 
organometallic compounds are liquid solutions in which 
controlled hydrolysis produces uniform microsized 
particle precipitation. Alternative mechanization of the 
alkoxide hydrolysis reaction and precipitation process, 
using aerosol particle formation and flow stream pro— 
cessing, provide a high degree of particle handling, 
thereby avoiding agglomeration. Production of the 
organometallic precursor liquids as uniform size aerosol 
droplets and subsequent electrostatic charging and elec 
tromagnetic separation of these particles assures high 
uniform size and lack of agglomeration during subse 
quent reaction to form, for example, ?nished molding 
powder. 
The ‘411 patent discloses the introduction of a bulk 

liquid on to a piezoelectric transducer. The mechanical 



5,173,274 
3 

resonance of the transducer causes cavitation of the 
bulk liquid and the release of aerosol at the liquid sur 
face. In another embodiment, the patent provides a 
methodology wherein the bulk liquid is allowed to sepa 
rate and form into two components before the trans 
ducer is operated. The resulting aerosol particles are 
comprised of one component coated by the second 
component liquid. ‘Thus, the ‘411 patent is particularly 
suited to the production of two phase aerosol particles 
produced by cavitation of a separated and strati?ed bulk 
liquid. 

Unfortunately, the teachings of the ’4ll patent and 
other publications do not completely transfer all of the 
bulk liquid into aerosol form. Small quantities of aerosol 
therefore cannot be produced without signi?cant waste. 
Splashing and agglomeration of the bulk liquid make it 
difficult to produce uniformly small aerosol particles. 
The ef?ciency of the known methods and apparatus 
depend upon the mass of the bulk liquid and changes in 
the mass as aerosol is produced, because of mass loading 
effects on the resonance frequency of the vibrating 
transducer. 

Presently, source liquid is ultrasonically excited to 
cavitate in bulk form, causing a violent mechanical 

20 

disruption of the liquid including vigorous splashing of 25 
large non-aerosol droplets. This violent disruption pro 
duces a wider range of particle sizes and may be desir 
able or acceptable in certain applications. However, 
these wide range particle size interfere with the produc 
tion of uniform smaller control particle sizes. Improved 
methods are needed to efficiently produce small liquid 
aerosol particles having a narrow size dispersion range. 

SUMMARY OF THE INVENTION 

The invention provides an ef?cient method and appa 
ratus for ultrasonic cavitation production of small-diam 
eter liquid aerosol particles having a narrow size distri 
bution. In accordance with the invention, a vibrating 
surface is supplied with a controlled liquid source in a 
sequence of measured droplets which impinge onto the 
vibrating surface. The de?ned process has the meaning 
according to this description of “?ash cavitation” be 
cause each drop falling on to the vibrating surface is 
rapidly and completely disrupted into aerosol droplet 
particles of a narrow size distribution. In providing a 
process column or a source stream of small liquid drop 
lets in measured size and frequency rather than a bulk 
volume of liquid source, a complete and controlled 
disruption or ?ash cavitation on impact of the imping 
ing liquid droplets with an ultrasonically excited surface 
provides a systematically controlled conversion of the 
liquid drop source materials to aerosol particles. This 
method of cavitation has the advantage of eliminating 
the violent disruption and splashing of large droplets as 
occurs when conventional bulk excitation methodology 
is used. In addition, the feed source liquid droplet mate 
rial is completely converted into aerosol particles 
which are of substantially uniform size. The methodol 
ogy and apparatus requires less total ultrasonic excita 
tion power to produce the useable aerosol particle out 
put. This ?ash cavitation method and apparatus supplies 
aerosol particles having a consistently narrow sized 
distribution without causing splashing, agglomeration 
of particles or inadvertent liquid losses; therefore the 
vibrating surface can be operated at a high motional 
resonance and mechanical displacement to produce 
maximum cavitation effect in processing the source 
liquid droplets. 
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4 
In accordance with the invention, a method is pres 

ented for generating small diameter liquid aerosol parti 
cles having a narrow size distribution as a result of 
impinging onto a ?ash cavitation surface of at least one 
or more columns of individual liquid droplets at a rate 
which promotes maximum cavitation effect in process 
ing the source liquid droplets. Aerosol particles are then 
released into a carrier gas or sweep gas stream for fur 
ther modi?cation or utilization. Achievement of ?ash 
cavitation is afforded by apparatus suitable for commer 
cial volume generation of aerosol particles which is 
comprised of a housing means having a ?ash cavitation 
surface exposed to an aerosol chamber. An apparatus is 
provided for supplying droplets to the cavitation sur 
face under controlled release frequency with the drop 
let outlets being positioned above the surface inside the 
chamber. Means are provided for supplying the liquid 
droplet generating apparatus with liquid under pressure 
whereby the apparatus generates measured droplet col 
umn frequency. Means are also provided for operating 
the ?ash cavitation surface for producing aerosol parti 
cles having narrow size distribution and sweeping these 
particles into a carrier gas which ?ows into and through 
the chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is cross-sectional view of one embodiment of 
the ?ash cavitation aerosol generator showing one 
droplet source with a second droplet source in phan 
tom, both sources positioned above the ?ash cavitation, 
vibration surface. 

FIG. 2 is a diagrammatic vertical sectional view of 
the ultrasonic aerosol generator in combination with 
expanded aerosol chamber apparatus in accordance 
with the invention inclusive of the ?ash cavitation aero 
sol generator of FIG. 1. 
FIG. 3 is a schematic block diagram of a ?ow path for 

liquid aerosol particle generation and utilization system 
in accordance with the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A practical embodiment of the invention is shown in 
FIG. 1 wherein a cross-sectional view of the ?ash cavi 
tation aerosol generator 2 is provided. An ultrasonic 
excitation technique is used in accordance with the 
invention using ultrasonic cavitation, employing a pi 
ezoelectric ceramic plate bonded to a metallic or gas 
glass plate mounted in housing means 4 at a ?rst end of 
aerosol chamber 6. An excitation element 8 provides a 
?ash cavitation surface 10. The housing means 4 also 
includes excitation connector 12, contact spring 13 and 
coolant passage 14 for the high energy piezoelectric 
transducer. The vibrating surface, ?ash cavitation sur 
face 10, upon which liquid droplet cavitation occurs is 
excited by high energy piezoelectric transducer. The 
transducer consists of a two layer composite piezoelec 
tric and glass assembly often referred to as a sandwhich 
transducer. The piezoceramic glass components may be 
comprised of circular or square or rectangular plates 
bonded together to form a two layer assembly. The 
piezoceramic plate is excited at its fundamental thick 
ness-mode mechanical resonance, the thickness dimen 
sion undergoes its maximum thickness-dimension ex 
pansion and contraction displacements which are cou 
pled through the rigid bond interface to the glass plate. 
If the glass plate has a thickness dimension of one-half 
wavelength at the piezoceramic plate thickness-mode 
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resonance, the glass plate serves as a low loss impedance 
matching layer which presents the same mechanical 
radiation load to the piezoceramic element as that pres 
ent at the free surface of the glass plate. Thus, for a 
liquid droplet cavitation application, the droplets im 
pinging on the ?ash cavitation surface 10 of the glass 
plate will experience the same or somewhat greater 
mechanical surface displacement than that produced by 
the piezoelectric plate bonded to the outside of the glass 
plate. 
The free surface of the glass plate will move in a 

uniform piston like motion at the resonant frequency of 
the piezoceramic element and will be loaded only by air 
and the relatively small mass of the liquid droplets fall 
ing on its surface. This low value of mechanical load 
allows the piezoceramic element to produce its maxi 
mum mechanical displacement at the resonant fre 
quency and the half wavelength glass plate will increase 
the sharpness of the resonance effect. The resulting 
increase in the displacement amplitude at the free sur 
face of the glass will be approximately twice that of the 
piezoelectric element alone. The factor of 2 gain in 
displacement arises since the composite transducer has a 
total thickness of two wave lengths at the resonance 
frequency, i.e., the composite device consists of two 
close-coupled resonators. Also since the mechanical 
loading is small, variations in this load have a negligibly 
small effect on the resonant frequency, thereby elimi 
nating the need for adjusting the excitation frequency of 
the driving signal applied to the transducer during cavi 
tation process. 
Housing means 4 of the ?ash cavitation aerosol gen 

erator 2 provides for carrier gas input openings 16 and 
carrier gas passages 18. Flash cavitation aerosol genera 
tor 2 is provided with a source liquid supply 20 through 
a liquid droplet ori?ce 22 resulting in a liquid droplet 
column 23. Liquid droplet column 23 impinges upon the 
?ash cavitation surface 10, thus forming aerosol parti 
cles 24 which ?ow upwardly into the aerosol chamber 
6 and are swept into the chamber by a carrier gas exiting 
carrier gas housing passages 18. In an exemplary opera 
tional mode, carrier gas is introduced through the car 
rier gas input opening 16 and through carrier gas hous 
ing passages 18 at a pressure of about l to 2 pounds per 
square inch. The gas pressure is adjusted to produce an 
aerosol out?ow having an estimated ?ow velocity, for 
example, of one foot per second. Aerosol particles 24 
may be electrically charged to improve aerosol separa 
tion, consolidation or other movement control. The 
aerosol particles 24 also may be channeled at an upper 
end of the aerosol chamber 6 as shown in FIG. 2. 

In FIG. 1, the source liquid supply 20 is provided to. 
the ?ash cavitation surface 10 in small droplets from a 
capillary nozel or liquid droplet ori?ce 22. Multiple 
liquid droplet ori?ces 22 can be mounted in the aerosol 
chamber 6 and appropriately spaced above separate 
sections of the ?ash cavitation surface 10. Source liquid 
supply 20 is utilized to supplement the static liquid sup 
ply pressure provided by gravity head. Periodic pres 
sure impulses produced by such a pump promotes ?ow 
through the liquid droplet ori?ce 22 and causes each 
successive liquid supply droplet to part from the ori?ce 
tip at a consistent break-away size and at regularly con 
trolled time intervals. 

In one embodiment, the liquid supply 20 is fed 
through the liquid droplet ori?ce-22 which can be a size 
27g hypodermic needle. The tip of the liquid droplet 
ori?ce 22 is sized to provide a 0.5 mm ori?ce such that 
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the circumferential plane of the ori?ce is parallel to the 
?ash cavitation surface 10 of excitation element 8. The 
source liquid supply 20 can be interrupted by an up 
stream control stop cock valve. Gravity alone does not 
always provide consistently sized and timed liquid 
drops thus an small aereation (not shown) pump is pro 
vided to apply air pressure pulse to the top of a liquid 
reservoir (not shown) in place of an in line pulsation 
pump. This arrangement consistently supplies liquid 
drops with a diameter of about 0.05 inches at a desired 
?ow rate. As can be appreciated, various size liquid 
droplet ori?ces 22 each can be used to supply larger or 
smaller droplets for various applications and various 
materials. 

In another embodiment, the ?ash cavitation surface 
10 is circular with approximately 1 inch diameter. Obvi 
ously, other ?ash cavitational surface shapes and sizes 
may be used for different capacity and/or applications. 
When integrated into the housing means 4, the exposed 
surface of the ?ash cavitation surface 10 is about 0.7 
inches in diameter and forms the bottom of a conically 
?ared cavitation cup. The cavitation cup within the 
housing means 4 is necessary for bulk liquid cavitation; 
however, it is not necessary for the cavitation method 
of the present invention. The apparatus of the present 
invention could also allow placement of the transducer, 
i.e., the ?ash cavitation surface 10, in other than a cup 
geometrical con?guration. Other modi?cations of the 
generator would allow direct exposure of the surface 10 
aerosol chamber, without the intervening cup spacing 
thus allowing multiple liquid droplet ori?ces 22 produc 
ing multiple liquid droplet columns 23. 
A diagrammatic vertical sectional view of the ultra 

sonic aerosol generating embodiment of the inventive 
apparatus is presented in FIG. 2 wherein the ?ash cavi 
tation aerosol generator 2 of FIG. 1 is presented in a 
bottom portion of the apparatus shown in FIG. 2 with 
the aerosol chamber 6 being extended upwardly 
through reaction chambers 28 and aerosol treating 
chambers. Electrostatic corona discharge elements 26 
are positioned adjacent the aerosol particles 24 and 
extend into the aerosol chamber 6. The monosized aero 
sol particles 30 ?ow upward through gas entrainment 
means or electrostatic ?eld driving means into aerosol 
chamber ori?ce 25. Ori?ce 25 is part of the upper tower 
or chamber arrangement for particle sorting stage 32. 
Two stage electrostatic precipitators are positioned in 
the upper chamber levels 34 and 36. The two-stage 
electrostatic precipitator chambers 34 and 36 are pro 
vided with multiple cull particle outlets 42, thus allow 
ing selected aerosol particles 4-4 to precede to the upper 
regions of the ?ash cavitation aerosol generator and 
separator. 
A schematic block diagram of FIG. 3 provides for an 

alternative ?owpath of the present invention for the 
?ash cavitation aerosol generator 2 aerosol particles 24. 
A liquid droplet column 23 enters the generator along 
with a cavitation transducer power input 38 as well as a 
carrier gas input opening for passing gas through the 
generator, sweeping produced aerosol particles 24 into 
the aerosol chamber 6. The aerosol chamber 6 of FIG. 
2 has an electrostatic particle charging ?ow control and 
sorting zone supplied with electrostatic charging or 
de?ection potentials 40 for further separation of the 
desired aerosol particles 24, i.e., the selected particles 44 
or culled particles 42. The selected aerosol particles 44 
are introduced to reaction, processing, or measurement 
chamber utilization which are provided with process 
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energy 46 or in the alternative process reagents 48 or 
measurement instrumentation 52. Alternatively, output 
aerosol product 52 is transferred to other reaction zones 
or coating zones and the like. 

Experimental tests of flash cavitation dispersion of 
individual liquid droplets into small aerosol particles 
indicated that a liquid droplet could be dispersed at any 
position on the ?ash cavitation surface 10. One compos 
ite transducer device used was a Channel Industries, 
Inc. prefabricated piezoelectric ceramic disk 1.0 inch in 
diameter and 0.148 inch thick. The piezoceramic ele 
ment was a Channel Industries Type 5800 lead zircon 
ate titante disk 0.062 inch thick and the glass plate was 
a fused quartz disk 0.085 inch thick. The fundamental 
resonance frequency of this transducer was 1.30 MHz 
when driven by an RF power ampli?er operating at a 
measured power of 20 watts (approximately 100 volts 
applied to transducer). Since the typical compressional 
wave velocities in the transducer materials are 4,100 
m/s and 5,600 m/s, respectively, the half-wavelength 
thickness dimension of the bonded plates are con?rmed 
to be 

4‘ 39-37 = 0.0621 in. 

20.3 X 10°) 

5 600 39.37 = 0.0848 in. 

20.3 x 106) 

Piezoceramic Plate: 1,, = 

Fused Quartz Plate: 18 = 

The aerosol-generating half-power bandwidth of the 
resonant transducer was determined approximately by 
observing the aerosol production rate by visual inspec 
tion at a liquid drop supply rate of 8 drops/sec for a 
transducer driving power of 20 watts and then observ 
ing the aerosol production rate for a driving power of 
10 watts. With the transducer driving power adjusted to 
20 watts at the resonance frequency, f,, of 1.3 MHz, the 
excitation frequency was tuned off resonance above and 
below 1.3 MHz until the same 10 watt half-power aero 
sol production was again observed. The half-power 
bandwidth determined by this method was 7 kHz, cor 
responding to a Q of 1.3X106/7Xl03=l86. The me 
chanical displacement, D, of the glass cavitation surface 
10 may be estimated from the thickness piezoelectric 
strain constant for Type 5800 piezoceramic material 
(d3,3--=38O><l0-l2 m/v) and the Q multiplying effect 
that occurs at resonance. That is, for the composite 
transducer the peak displacement at the glass surface is 
approximately 

A = 1133 VIPQ 

= (380 X 1o-12X39.37)(1oo)(o.o62)(186) 

17.3 pin, ' 

corresponding to a peak acceleration of 

17.3 x 10-6 
3957‘ ' " 

ll 1 
For liquid water droplets having an estimated diameter 
of about 0.050 inch, the force delivered by the vibrating 
surface to each droplet is, approximately 

II 2.98 x 106 g. 
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Fmgx : Pw Vd apk 

3 
4 0.05 

= 1,000 (39.37)] (2.98 X 106) 

= 3.2 Newtons (0.719 lb-ft). 

where: 
Pw= density of water 
Vd=volume of source water droplet. 

This force was observed to be more than sufficient to 
disintegrate the impinging droplets and to propel their 
derived particulates upward in a fountain of water aero 
sol particles. The water particles had a narrow size 
range of approximately 5 pm in diameter as measured 
by a laser optical scattering method. 
The same experimental arrangement, when operating 

at the excitation power level of 20 watts, was estimated 
to be capable of dispersing a multiplicity of droplet 
columns impinging on the vibrating glass surface to 
create a higher density fountain of aerosol particles. 
Thus, by arranging several liquid supply nozzles or 
ori?ces to simultaneously deliver droplet columns to 
different locations on the vibrating, ?ash cavitation 
surface 10, the aerosol particle 24 production rate can 
be increased. The potential increase in aerosol produc 
tion rate will be limited by the ability of the aerosol 
generator design to remove the particles without exces 
sive agglomeration after formation or otherwise limited 
by overloading the droplet cavitation power of the 
vibration transducer. 
The source liquid supply 20 drop rate was found to 

have an optimum value whereby the droplets should 
not be so closely spaced that cavitation disruption of the 
preceding droplets cannot be completed before other 
droplets are subject to cavitation at the same position 
or, the droplets should not be so widely separated that 
the cavitation process will not produce aerosol particles 
at the full capacity. The aerosol production rate may be 
adjusted to rates lower than the maximum by control 
ling the liquid droplet column 23 feed rate. 

Droplet cavitation rates were tested experimentally 
using a source liquid drop delivery system capable of 
producing droplets having a nominal diameter of 0.050 
inch. For a cavitation surface 10 vibrating at 1.3 MHz, 
the maximum rate of droplet disruption without inter 
ference was found to be about 8 drops/sec. This rate 
was limited by the capacity of the cavitation process to 
disperse each source drop into aerosols which could be 
lofted away from the disruption area before the next 
droplet entered the cavitation position. These rates 
were utilizing the cup apparatus of FIG. 1, thus higher 
rates would be possible using a ?ash cavitation surface 
10 which is level with the ?oor of aerosol chamber 6 or 
elevated above the chamber floor. 
Although several sizes of droplet supply nozzles were 

tested, the low-pressure gravity-feed supply system 
controlled by a simple ?ow line petcock valve was not 
versatile enough to produce a wide range of droplet 
sizes. From a practical view, however, the somewhat 
smaller source droplets were observed to be disinte 
grated more quickly and completely than the larger 
droplets. Tests performed using a periodic vibrating 
excitation applied to the droplet delivery nozzle were 
effective in producing a regular drop rate in comparison 
with the drop rate produced by gravity feed alone. 
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An important aspect implied by the droplet size ef 

fects is that a moving droplet delivery nozzle or a pres 
sure-driven droplet spray supply system should be more 
effective than the stationary gravity feed system in pro 
ducing monodispersed particles since the impinging 
droplets will be smaller and can be more broadly dis 
tributed over the surface of the cavitation production 
surface to improve ef?ciency. 

In one embodiment, an upper end of a 4 inch diameter 
plexiglass chimney which de?nes the aerosol chamber 6 
also includes, as shown in FIG. 2, an aerosol chamber 
ori?ce 25 of about 1.5 inch diameter which forms a 
constricted out?ow for the aerosol particles 24. Carrier 
gas input supply pressure can be adjusted to produce an 
aerosol out?ow having a velocity of about 1 foot per 
second at the aerosol chamber ori?ce 25. A fountain of 
aerosol particles 24 was then injected into a helium 
neon laser beam for the purposes of measuring the aero 
sol particle size and particle density. Particle sizes ob 
tained with this apparatus using liquids as presented is 
shown in the following table. 
The table shows particle size obtained utilizing sev 

eral liquids with their respective'surface tensions. 

TABLE 
Source Liquid Particle Diameter Surface Tension 
(% by volume) (1m) (Pa) 
Methanol 1.3 3.9 
Acetonitrile 1.3 3.9 
75% Acetonitrile 1.5 4.2 
25% Water 
50% Acetonitrile 2.4 4.4 
50% Water 
Deionized Water 4.7 7.24 

Many industrial processes require liquid materials to 
be dispersed in particulate forms for purposes of intro 
ducing these particles into chemical reactor systems or 
?ow lines, creating mists, and fog atmospheres of spe 
ci?c particle composition and particle sizes. The pro 
duction of aerosol liquid particulate sprays are used in 
coating processes creating humidi?ed air, precursor 
organometallic liquid particles for processing into 
monodispersed ceramic particles, and production of 
narrowly-sized aerosol particles for a host of other 
applications including medicinal and the like. 
The methodology according to the invention can be 

designed to operate at frequencies ranging from about 
200 khz to about 10 mhz to generate monodispersed 
particles of relatively accurately controllable sizes. In 
addition, electrostatic corona charging of the liquid 
aerosol droplets immediately after the aerosol droplets 
are formed by ?ash cavitation, provides a means for 
accelerating the particles out of the vicinity of the cavi 
tation chamber. This acceleration is achieved by means 
of a static electric ?eld of appropriate polarity orien 
tated vertically upward above the cavitation zone. 
Electrostatic corona charging and accelerating of the 
particles can be used in combination with the carrier gas 
which is used to entrain the aerosol particles in order to 
remove them from the cavitation zone. Both the elec 
trostatic acceleration technique and the carrier gas en 
trainment technique provide supplemental features of 
aerosol particle generators and are primarily used for 
the purpose of removing or controlling the movement 
of the aerosol particles after formation. The present 
invention provides for a method and apparatus for ?ash 
cavitation aerosol generation and has several signi?cant 
advantages in applying the cavitatiomprocess to gener 
ate liquid aerosol particles. The methodology and appa 
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ratus has the potential for expansion to large scale aero 
sol production and with its superior quality control of 
aerosol particle size distribution along with complete 
source liquid conversion provides a methodology of 
prospective commercial value as will be appreciated by 
those skilled in the art. 
While there have been shown and described several 

apparatus and method embodiments for generating 
monodispersed aerosol particles, it is understood that 
the changes in the size, materials, electrical circuits, 
liquid and gasflow systems may be made by those 
skilled in the art without departing from the spirit of the 
invention.‘ 
What is claimed is: 
1. A method for generating liquid aerosol particles 

having a narrow-sized distribution comprising: 
(a) forming at least one column of individual liquid 
7 droplets by forcing liquid under pressure through 
an.ori?ce at a rate sufficient for forming individual . 

7 droplets; 

(b) controlling droplet formation frequency and size; 
(c) impinging said droplets onto vibrating surface; 
((1) vibrating the surface to disrupt the impinging 

droplets and form liquid aerosol particles; and 
(e) sweeping the aerosol particles away from the 

' vibrating surface by a carrier gas stream. 
2. The method for generating liquid aerosol particles 

according to claim 1 wherein the droplets are formed 
under pressure supplied by a source liquid having a 
static head. 

3. The method for generating liquid aerosol particles 
according to claim 1 wherein the droplets are formed 
under pulse pressure conditions provided by a pulsating 
pump. ‘ 

4. The method for generating liquid aerosol particles 
according to claim 1 wherein the droplets are formed in 
response to vibration excitation applied to a droplet 
delivery nozzle means. 

5. The method for generating liquid aerosol particles 
according to claim 1 wherein the ori?ce has an opening 
parallel to the vibrating surface. 

6. The method for generating liquid aerosol particles 
according to claim 1 wherein the droplets are formed in 
multiple droplet columns from a grouping of separate 
and distinct ori?ces positioned above the vibrating sur 
face. 

7. The method for generating liquid aerosol particles 
according to claim 1 wherein the aerosol particles are 
moved away from the vibrating surface by the carrier 
gas and are further accelerated away from the vibrating 
surface through electrostatic charging and of the aero 
sol particles immediately after the aerosol particles are 
formed and by providing means for accelerating the 
particles through electrostatic acceleration. 

8. A method for generating liquid aerosol particles 
having a narrow-sized distribution comprising: 

forming at least one column of individual liquid drop 
lets by forcing liquid under pressure through an 
ori?ce at a rate suf?cient for forming individual 
droplets; 

controlling droplet formation frequency and size; 
impinging said droplets onto a surface; 
vibrating the surface to disrupt the droplets and form 

liquid aerosol particles and avoid substantially ag 
glomeration of the particles; 
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producing aerosol particles having an average parti 
cle size of from about 1.0 to about 5.0 micrometers; 
and 

sweeping the aerosol products away from the vibrat 
ing surface by carrier gas stream. 

9. An apparatus for generation of aerosol particles, 
comprising: 

(a) a housing means having a ?ash cavitation means 
mounted therein with the ?ash cavitation means 
having a cavitation surface exposed to an aerosol 
chamber; 

(b) a liquid supply apparatus for supplying droplets 
under release frequency control, said apparatus 
connected to the aerosol chamber with release 
means in the aerosol chamber and above the cavita 
tion surface; 

(c) a liquid pressure means for supplying the liquid 
supply apparatus with liquid under pressure 
whereby the liquid supply apparatus generates 
droplets; 

(d) excitation means for receiving the droplets and 
being operable to vibrate the cavitation surface at a 
frequency whereby aerosol particles having nar 
row sized distribution are produced; and 

(e) gas sweep means for moving the aerosol particles 
away from the cavitation surface and into the aero 
sol chamber. 

10. An apparatus for generating aerosol particles 
according to claim 9 wherein the liquid supply appara 
tus for supplying droplets under release frequency and 
control is pressurized by a source of liquid having a 
static head. 
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11. An apparatus for generating aerosol particles 

according to claim 9 wherein the liquid supply appara 
tus for supplying droplets under release frequency con 
trol is provided by a pulse pump for supplying pressure 
to the liquid supply apparatus. 

12. An apparatus for generating aerosol particles 
according to claim 9 wherein the liquid supply appara 
tus for supplying droplets utilizes at least one ori?ce 
means for supplying one or 'more liquid droplet col 
umns, said ori?ce means located above the cavitation 
surface. 

13. An apparatus for generating aerosol particles 
according to claim 12 wherein the liquid supply appara 
tus contains a vibration excitation means for vibrating 
droplet delivery and orifice means. 

14. An apparatus for generating aerosol particles 
according to claim 9 wherein the cavitation surface is 
located parallel to or elevated above a floor of the aero 
sol chamber. 

15. An apparatus for generating aerosol particles 
according to claim 9 wherein the cavitation surface is 
located in a housing means cup and spaced apart from 
the aerosol chamber. 

16. An apparatus for generating aerosol particles 
according to claim 9 wherein the aerosol chamber is 
provided with electrostatic generation means for charg 
ing the aerosol particles and electrostatic means for 
removing said particles from the aerosol chamber. 

17. An apparatus for generating aerosol particles 
according to claim 9 wherein the aerosol chamber is 
connected to additional chambers for electrostatically 
separating particles according to size. 
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